Background {#Sec1}
==========

Prostate cancer (PCa) is a highly prevalent disease in older men of the western world \[[@CR1]\]. In the US, total 241,740 men were diagnosed as PCa and 28,170 of them died for the year 2012 \[[@CR2]\]. Although the age-adjusted rate of cancer deaths has decreased steadily in the past 10 years, PCa remains the second leading cause of cancer deaths in men after lung cancer \[[@CR3]\]. The morbidity and mortality of PCa is mainly caused by its propensity to metastasize to other organs and tissues, such as lung, liver and bone \[[@CR4],[@CR5]\].

The clinical heterogeneity of PCa, coupled with its high prevalence, raises challenges in the management of newly diagnosed patients as well as those with metastatic disease. Genomic-based classification offers the hope of more informed clinical decision-making and may yield novel therapeutic targets. To date, several potential biomarkers including prostate cancer gene 3, methylation, human kallikrein 2, prostate-specific membrane antigen have been identified for the detection of PCa through molecular, biological, and genetic studies, but their predictive value remains to be conclusively verified \[[@CR6]-[@CR9]\].

Taylor et al. \[[@CR10]\] reported the concordant assessment of DNA copy number, mRNA and microRNAs expression, and focused exon resequencing in prostate tumors. The copy number alteration (CNA) analysis in that study revealed two notable subgroups of primary tumors: those with minimal CNA (clusters 1--4) and those with substantial CNA (clusters 5--6) that include most of the metastatic samples. Cluster 5 and 6 are distinguished by the fact that cluster 5 tumors have genome-wide alterations, whereas those in cluster 6 primarily have 8q (NCOA2, MYC) or chromosome 7 gains. Among the tumors with minimal CNA, cluster 2 is characterized by largely unaltered genomes. Using the endpoint of time to biochemical relapse, primary tumors with generally diploid tumors in the minimally altered cluster 2 had an extremely favorable prognosis versus an extremely unfavorable prognosis for the highly altered cluster 5 tumors. However, the detailed genomic differences between cluster 2 with favorable prognosis and cluster 5 with extremely unfavorable prognosis are remaining unclear.

To reveal the potential genes and microRNAs which might have clinical utility in distinguishing low- from high-risk disease, we investigated the gene and microRNAs expression profile between cluster 2 and cluster 5 PCa patients in the present study.

Methods {#Sec2}
=======

Microarray datasets {#Sec3}
-------------------

Normalized mRNA and microRNAs expression profile data (GSE21034 and GSE21036) were downloaded from Gene Expression Omnibus (GEO). Only mRNA transcripts with Reference Sequence (Refseq) identifiers prefixed with "NM\_" were retained. MicroRNAs profiling data were available for 8 (classified as cluster 5) and 25 PCa patients (classified as cluster 2), while mRNA profiling data were available for 13 (classified as cluster 5) and 34 PCa patients (classified as cluster 2). The ethical committee of Memorial Sloan-Kettering Cancer Center Institutional Review Board approved the study protocol and informed consent was obtained from all the patients.

Identification of differentially expressed mRNA transcripts and microRNAs {#Sec4}
-------------------------------------------------------------------------

Two-side unequal variances *t* test was used to identify the differentially expressed mRNA transcripts between cluster 2 and cluster 5. q value \[[@CR11]\] is a well suited measure of significance for genomewide tests with an extension of a quantity called the "false discovery rate" (FDR). q value \< 0.05 was selected as cutoff. Significantly changed mRNA transcripts were submitted to the online tool Database for Annotation, Visualization, and Integrated Discovery (DAVID) for functional annotation and molecular signatures database (MSigDB) for finding out potential links with published gene expression signature. For microRNAs analysis, two-side unequal variance *t* test was performed with the threshold of P \< 0.05.

Identification of microRNA and their potential target gene {#Sec5}
----------------------------------------------------------

TargetScan \[[@CR12]\] can predict biological targets of miRNAs by searching for the presence of conserved 8mer and 7mer sites that match the seed region of each miRNA. The miRTarBase \[[@CR13]\] is a database which contains experimentally validated microRNA-target interactions. Target genes were downloaded from TargetScan 6.2 and experimentally validated target genes from miRTarBase (version 3.5). Fisher' exact test \[[@CR14]\] (one side) was used to assess the statistical significance of the overlapped genes between the target genes of microRNAs and mRNA transcripts.

Construction of protein-protein interaction (PPI) network {#Sec6}
---------------------------------------------------------

Most proteins perform their functions through interactions and high-quality interaction networks can provide key insights into fundamental topological and biological properties of cellular systems. Thus, the PPI data were downloaded from HINT \[[@CR15]\] database for construction of PPI network of significantly changed signature genes. Refseq mRNA identifiers were mapped to EntrezGene identifiers and extracted the interactions between significantly changed signature genes. Proteins with at least ten interactions were considered as hubs in the present study.

Results {#Sec7}
=======

Identification of significantly altered transcripts between cluster 2 and cluster 5 {#Sec8}
-----------------------------------------------------------------------------------

Compared with cluster 2, 1556 transcripts were found up-regulated and 1288 transcripts were down-regulated in cluster 5. Functional annotation analysis revealed that Cluster 5 signature genes were mainly enriched in the cell cycle and proliferation pathways, while cluster 2 signature genes were enriched in the pathways of response to stimulus, like steroid hormone. MSigDB investigation showed that these PCa subtype signature was correlated with many published gene signature. The most interesting finding was that the down-regulated genes in PC3 cell after knockdown of EZH2 by RNAi were significantly overlapped with the cluster 5 gene signature, and up-regulated genes were significantly overlapped with the cluster 2 gene signature. Compared to cluster 2, two mRNA transcripts (NM_004456, NM_152998) of EZH2 were significantly up-regulated in cluster 5.

Identification of dysregulated microRNAs and their potential target gene {#Sec9}
------------------------------------------------------------------------

Compared with cluster 2, 28 microRNAs were up-regulated and 30 microRNAs were down-regulated in cluster 5 (Table [1](#Tab1){ref-type="table"}). Besides, 12 microRNAs target transcripts were significantly overlapped with down-regulated transcripts in cluster 5. However, no microRNA target transcript was found overlapped with up-regulated transcripts in cluster 5 (Table [2](#Tab2){ref-type="table"}).Table 1**MicroRNAs that significantly changed in cluster 2 and 5MicroRNAsFold-changeP-valueChromosome region**Up-regulatedhsa-miR-151-3p1.082.5 E-28hsa-miR-12371.338.8 E-311hsa-miR-548c-3p1.632.6 E-212hsa-miR-12281.141.8 E-212hsa-miR-130b1.139.2 E-322hsa-miR-2101.173.5 E-211p15.5hsa-miR-1411.071.18 E-212p13.31hsa-miR-19b-1\*1.304.06 E-213q31.3hsa-miR-6271.232.65 E-215q15.1hsa-miR-1225-3p1.154.85 E-216p13.3hsa-miR-33b2.104.08 E-317p11.2hsa-miR-423-3p1.222.15 E-217q11.2hsa-miR-423-5p1.092.26 E-217q11.2hsa-miR-6361.211.38 E-217q25.1hsa-let-7a\*1.509.55 E-322q13.31hsa-miR-191\*1.333.78 E-43p21.31hsa-miR-425\*1.266.50 E-33p21.31hsa-miR-16-2\*1.183.39 E-23q25.33hsa-miR-148a\*1.262.59 E-27p15.2hsa-miR-931.082.32 E-27q22.1hsa-miR-106b1.064.87 E-27q22.1hsa-miR-335\*1.393.20 E-27q32.2hsa-miR-1821.208.72 E-37q32.2hsa-miR-30d\*1.272.81 E-28q24.22hsa-miR-30d1.071.99 E-28q24.22hsa-miR-491-5p1.452.64 E-29p21.3hsa-miR-6021.241.13 E-29q34.3hsa-miR-542-5p1.202.15 E-2Xq26.3Down-regulatedhsa-miR-130a0.872.70 E-211q12.1hsa-miR-1000.852.40 E-211q24.1hsa-miR-125b0.903.80 E-211q24.1,21q21.1hsa-miR-136\*0.852.90 E-214q32.2hsa-miR-4950.824.48 E-214q32.31hsa-miR-1320.881.03 E-217p13.3hsa-miR-132\*0.891.70 E-217p13.3hsa-miR-1520.893.24 E-217q21.32hsa-miR-338-3p0.825.61 E-417q25.3hsa-miR-133a0.713.41 E-318q11.2,20q13.33hsa-miR-30e\*0.893.59 E-21p34.2hsa-miR-30c0.902.41 E-21p34.2,6q13hsa-miR-2050.634.50 E-21q32.2hsa-miR-499-5p0.832.61 E-220q11.22hsa-miR-10.693.76 E-320q13.33hsa-miR-2180.831.79 E-24p15.31,5q34hsa-miR-145\*0.741.01 E-25q32hsa-miR-1430.781.64 E-25q32hsa-miR-143\*0.801.24 E-25q32hsa-miR-1450.862.43 E-25q32hsa-miR-378\*0.932.50 E-25q32hsa-miR-133b0.776.36 E-36p12.2hsa-miR-2040.721.79 E-29q21.12hsa-miR-24-1\*0.797.48 E-39q22.32hsa-miR-27b0.881.29 E-29q22.32hsa-miR-23b0.882.56 E-29q22.32hsa-miR-455-5p0.765.74 E-39q32hsa-miR-455-3p0.802.85 E-29q32hsa-miR-221\*0.67670 E-4Xp11.3hsa-miR-2210.804.19 E-3Xp11.3hsa-miR-2230.902.59 E-2Xq12"\*" stands for the miRNA which is expressed at low levels.Table 2**TargetScan target transcripts of microRNAs that up-regulated in cluster 5 significantly overlapped with mRNA transcripts that down-regulated in cluster 5 compared to cluster 2Number of targetsNumber of overlapped targetsp-value**hsa-miR-548c-3p26112883.62E-38hsa-miR-30d17731954.37E-25hsa-miR-130b12051515.33E-25hsa-miR-9315831531.18E-14hsa-miR-106b15831531.18E-14hsa-miR-33b544693.44E-12hsa-miR-1419961021.66E-11hsa-miR-636874923.97E-11hsa-miR-18214941318.35E-10hsa-miR-1228274341.74E-06hsa-miR-6023371.19 E-3hsa-miR-151-3p145163.12 E-3Note: Fisher's exact test was applied to assess the statistical significance and only those with p-value \< 0.005 were shown.

PPI network analysis {#Sec10}
--------------------

The results of PPI network analysis showed that there were 46 nodes and 46 edges in cluster 5 (Figure [1](#Fig1){ref-type="fig"}). Meanwhile, total 27 nodes and 34 edges were in cluster 2 (Figure [2](#Fig2){ref-type="fig"}). Proteins with at least ten interactions were considered as hubs. The results revealed that BRCA1, CDK1, TK1 and TRAF2 were hub protein of signature genes in cluster 5, and TGFBR1, SMAD2 and SMAD4 were hub proteins of signature gnens in cluster 2.Figure 1**Protein-protein interactions in cluster 5 signature genes.** Yellow nodes are those interacted with androgen receptor. Protein-protein interactions were downloaded from database HINT which removes low-quality/erroneous interactions by both systematically and manually filtering.Figure 2**Protein-protein interactions in cluster 2 signature genes.** Protein-protein interactions were downloaded from database HINT which removes low-quality/erroneous interactions by both systematically and manually filtering.

Discussion {#Sec11}
==========

The clinical heterogeneity of PCa, coupled with its high prevalence, raises challenges in the management of newly diagnosed patients as well as those with metastatic disease. Genomic-based classification offers the hope of more informed clinical decision and may yield novel therapeutic targets. In this bio-information analysis, we found that cell cycle was selected as the most significant pathway. The androgen receptors (AR) related genes, such as CDK1 and BRCA1 might play important roles in the development of PCa.

Transcriptions in cluster 5 were associated with EZH2-mediated regulation {#Sec12}
-------------------------------------------------------------------------

EZH2 encodes a member of the Polycomb-group (PcG) family which involved in maintaining the transcriptional repressive state of genes over successive cell generations. Xu K et al. \[[@CR16]\] have found that the oncogenic function of EZH2 in cells of castration-resistant PCa is independent of its role as a transcriptional repressor. Instead, it involves the ability of EZH2 to act as a coactivator for critical transcription factors including AR. Phosphorylation of EZH2 and an intact methyltransferase domain were required for this functional switch. In the present study the transcriptions in cluster 5 were overlapped with those down-regulated genes after knockdown of EZH2. Indeed, two mRNA transcripts (NM_004456, NM_152998) of EZH2 were significantly up-regulated in cluster 5 PCa compared to cluster 2. Our finding of PCa subtype gene signature was associated with EZH2-mediated regulation which further addressed the important role of EZH2 in the progress of PCa.

The up-regulated genes which were related to cell cycle in cluster 5 might have prognostic value {#Sec13}
------------------------------------------------------------------------------------------------

Functional annotation in the present study showed that Cluster 5 up-regulated signature genes were mainly associated with cell cycle. Proper regulation of the cell division cycle is crucial to the growth and development of all organisms. Actually, some cell cycle progression (CCP) genes have been identified as having RNA expression levels that oscillated as cells progressed through various stages of the cell cycle \[[@CR17]\]. Cell cycle-regulated transcripts of genes involved in fundamental processes such as DNA replication and chromosome segregation seem to be more highly expressed in proliferative tumors simply because they contain more cycling cells. Mandal et al. \[[@CR18]\] suggested that there was a positive association of cyclin D1AA genotype and diplotype analysis of Fas G670A and G1377A (G-A) which was associated with CaP risk by influencing the pathophysiology of CaP. Cuzick et al. \[[@CR19]\] found that the cell cycle progression signature was a highly significant predictor of outcome in both cohorts of PCa patients. Since the expression levels of CCP genes probably reflect fundamental aspects of tumour biology, we reasoned that the up-regulated genes related with cell cycle in the present study might also be useful in PCa.

MicroRNAs could play regulatory roles of PCa subtype gene signature {#Sec14}
-------------------------------------------------------------------

In the present study, miR-1 was found significantly up-regulated in cluster 5 PCa. Kojima et al. found that the expression levels of miR-1 and miR-133a were significantly down-regulated in PCa compared with non-PCa tissues \[[@CR20]\]. Restoration of miR-1 or miR-133a in PC3 and DU145 cells revealed significant inhibition of proliferation, migration, and invasion. They further suggest that miR-1 and miR-133 could be tumor suppressors by targeting purine nucleoside phosphorylase (PNP). Other microRNAs also has close relationship with PCa, for example, loss of microRNA-126 has been reported to play a positive role in the progression of PCa \[[@CR21]\]. Meanwhile, we also found that predicted targets of other up-regulated microRNAs could significantly overlap with down-regulated genes in cluster 5 PCa. The roles of these microRNAs in PCa might worth further investigating according to the previous studies \[[@CR22]-[@CR24]\].

BRCA1 and CDK1, both interacted with AR were hub proteins of cluster 5 {#Sec15}
----------------------------------------------------------------------

Genetic factor has been considered to be critical in the development and progression of PCa. Aldo-keto reductase family 1 member C3 (AKR1C3) has been found to serve as a hopeful biomarker and is closely related to the progression of PCa \[[@CR25]\]. In the present study, we found *BRCA1* and *CDK1* were strong related to PCa. The expression of AR is maintained throughout PCa progression, and the majority of androgen-independent or hormone refractory PCa express AR. Similarly, alterations in the relative expression of AR coregulators have been found to occur with PCa progression and may contribute to differences in AR ligand specificity or transcriptional activity \[[@CR26]\]. Inhibiting AR signaling remains one of the most common and effective systemic methods to treat PCa. BRCA1 might function as an AR coregulator and directly modulate AR signaling \[[@CR27]\]. Yeh S et al. report that BRCA1 interacts with androgen receptor and enhances AR target genes, such as p21 (WAF1/CIP1) that may result in the increase of androgen-induced cell death in PCa cells \[[@CR28]\]. Another hub protein CDK1 was also found to be significantly expressed in "androgen-independent" PCa which relapse subsequent to androgen-deprivation therapy. It was suggested that AR is active and seems to be stabilized by low level of androgen in such PCa and treatment with roscovitine, a Cdk inhibitor, could abrogate responses to low levels of androgen in the androgen-independent PCa cell line \[[@CR29]\].

Our analysis also addresses the important role of TGF-beta signaling in cluster 2 PCa. Combined with our finding, investigation of the roles of TGFBR1 and SMAD4 in PCa could be of great value. However, there were still some limitations in this study. A further investigation in cluster 2 and 5 related to PCa is needed.

Conclusion {#Sec16}
==========

In summary, our findings raise the possibility that genes related with cell cycle and dysregulated miRNA at diagnosis might have clinical utility in distinguishing low- from high-risk PCa patients. However, as our results were based on microarray data derived from a small sample size, further experimental validation is needed.
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